Abstract
INTRODUCTION
In concrete, cracking is a common phenomenon due to the relatively low tensile strength. Durability of concrete is also impaired by these cracks, since they provide an easy path for the transport of liquids and gasses that potentially contain harmful substances. For crack repair, a variety of techniques is available but traditional repair systems have a number of disadvantageous aspects such as different thermal expansion coefficient compared to concrete and environmental and health hazards. Therefore, bacterially induced calcium carbonate precipitation has been proposed as an alternative and environmental friendly crack repair technique. Microbial calcite precipitation is mainly due to urealytic activity and carbonate biomineralization of bacteria. The bacteria used in this research produce urease which catalyzes the hydrolysis of urea (CO(NH 2 ) 2 ) into ammonium (NH 4 + ) and carbonate (CO 3 2− ) [1], First, 1mol of urea is hydrolyzed intracellular to 1mol of carbonate and 1mol of ammonia (Eq. (1)). Carbonate spontaneously hydrolyses to form additionally 1mol of ammonia and carbonic acid (Eq. (2)). These products subsequently form 1mol of bicarbonate and 2mol of ammonium and hydroxide ions (Eqs. (3) and (4)). The last 2 reactions give rise to a pH increase, which in turn shifts the bicarbonate equilibrium, resulting in the formation of carbonate ions (Eq. (5)). [2] CO (NH 2 ) 2 + H 2 O ⇒ NH2COOH + NH3
(1)
Since the cell wall of the bacteria is negatively charged, the bacteria draw cat ions from the environment, including Ca²⁺ ⁺ ⁺ ⁺, to deposit on their cell surface. The Ca²⁺ ⁺ ⁺ ⁺ ions subsequently react with the CO 3 2 ⁻ ions, leading to the precipitation of CaCO 3 at the cell surface that serves as a nucleation site (Eqs. (6) and (7) 
Finding Right Bacteria:
The starting point of the research is to find bacteria capable of surviving in an extreme alkaline environment. Cement and water have a pH value of up to 13 when mixed together, usually a hostile environment for life most organisms die in an environment with a pH value of 10 or above [13] . The search concentrated on microbes that thrive in alkaline environments which can be found in natural environments, Samples of endolithic bacteria (bacteria that can live inside stones) will be collected along with bacteria found in sediments in the lakes. Strains of the bacteria genus Bacillus will be found to thrive in this high-alkaline environment. Different types of bacteria which can survive in such a high Ph environment is mentioned in Table 1 . It is found that the only group of bacteria that will be able to survive is the ones that produced spores comparable to plant seeds. Such spores have extremely thick cell walls that enable them to remain intact for up to 200 years while waiting for a better environment to germinate. They would become activated when the concrete starts to crack, food is available, and water seeps into the structure [19] . This process lowers the pH of the highly alkaline concrete to values in the range (pH 10 to 11.5) where the bacterial spores become activated. 
MATERIALS AND METHODS

Bacteria
Procurement of Bacteria and culturing:
Two different bacteria namely 1) Bacillus sphaericus and 2) Sporosarcina pastuerii These bacteria are obtained from the Microbial Type Culture Collection and Gene Bank (MTCC), Chandigarh in a freezed dried condition. Bacteria is first cultured in solid media (agar) are then transferred to nutrient broth (liquid media) which is sterile and kept in shaking incubator (to ensure uniform growth) for about 48 hrs.
Bacterial Count:
Concentration of cells is measured by Haemocytometer and optical density is found by spectrophotometer analysis before adding bacteria to cement composites.
Gram Staining:
Gram staining method was used to determine the morphology of the bacterial strains.
Bacterial Activity:
Bacterial cultures are tested for urealytic activity and also calcium carbonate precipitation. 
Properties of Materials
Preparation of Microbial Cement Paste and
Mortar Cubes: , and 10 8 cells/ml of water, at a W/C ratio of 0.4. Conventional cement paste specimens with regular water are also casted parallel. The cubes were cured under tap water at room temperature and tested at 1, 7, and 28 days.
Preparation of Concrete Samples with Bacteria:
Bacterial concrete casted by using ordinary Portland cement mixed with bacterial concentration 10 6 cells/ml of water. Conventional concrete samples were also casted in parallel. The specimens were cured under tap water at room temperature and tested at 7, and 28 days.
EXPERIMENTAL PROGRAMME: Compressive Strength and Tensile Strength:
Compressive strength of cement paste, mortar and concrete with bacteria is performed using automatic compression testing machine. Split tensile strength concrete with bacteria is performed.
Ultrasonic Pulse Velocity:
The time taken for the pulse to pass through the concrete is measured by electronic measuring circuits.
Scanning Electron Microscopy (SEM):
The deposition of calcite inside the micro cracks of concrete by bacteria is analyzed under SEM. 
RESULTS AND DISCUSSION
The various results obtained from tests on bacteria to check its activity are as shown in Table 2 . Table 2 Various test on bacteria.
Compressive Strength:
From Fig 1 and Fig 2 confirms that the cement paste and mortar has higher strength when the concentration of cell is 10 6 cells/ml of water. The strength gain was about 39.8% and 33.07% in case of paste and 50% and 28.2% in mortar for Bacillus Sphaericus and Sporosarcina Pastuerii respectively compared that of conventional mix. Fig 3, shows that the compressive strength is more for bacterial concrete for concentration of 10 6 /ml of water. The strength increment is found to be 18.3% and 12.2% respectively for Bacillus Sphaericus and Sporosarcina Pastuerii. Table 2 indicates the split tensile strength of conventional and bacteria concrete. It is observed that the split tensile strength of bacterial concrete is marginally higher compared to conventional mix. 
Split Tensile Strength:
CONCLUSIONS
From the experimental study it can be concluded that the Bacillus Sphaericus and Sporosarcina Pastuerii stains can improve the characteristics of cement composites. The SEM and XRD analysis shows that the presence of calcite inside the cement composite specimens which are produced microbially. These microbes also increase the strength and durability of cement composites.
